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(54) LITHIUM SECONDARY BATTERY NEGATIVE ELECTRODE ACTIVE MATERIAL AND LITHIUM 
SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery 
negative electrode active material that can improve the filling density of 
an electrode plate and has an excellent high-rate charge-discharge 
characteristic and life characteristic. 

SOLUTION: This lithium secondary battery negative electrode active 
material includes a crystalline carbon core and an amorphous carbon 
shell formed on the crystalline carbon core. In addition, in the negative 
electrode active material, one or more crystalline carbon primary 
particles 1 are granulated and amorphous carbon 2 is applied to their 
surfaces, and substantially spherical particles are included. In the 
negative electrode active material having above constitution, there are 
two differential thermal analysis heat generation peaks at a temperature 
not higher than 1000°C. The lithium secondary battery including the 
negative electrode active material can use propylene carbonate as its 
electrolyte. ^— — ^2 
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ft*. 

0. filES H B B «K*3Tttxii[i]jf^t(T^tfc{ti> (o 

0 2) 7V-yJHa§E&i (d 002 ) #3. 3 5-3. 4 

at* "j N mim&mm^xMzxmmtJfmmzti 

\fl ( 0 0 2 ) Tlx-yjfPalSEgt ( d 0 0 2 ) *»3 . 4- 

3 . 8 A?**i**JH 1 fc£»0 U f-? AZiJcWtlB A 

[|f*JI3 ] ffIStS^ft»(iX^I13^lfB#tfe(t 

4 ( 0 0 2 ) ffik (110) fflfcj: £ X«gJHMOtT 

hh i ( i i o ) / ( o o 2 ) *«o . o AMXfx-hhm 

*« 1 fcEttO 'J AZliWtflSraftttSHMt. 

Xrje-3ftKJfC*S I ( 1 3 6 0 ) / 1 (1580) 
ti o . 3 JTFT* 0 s luia#H H H ttK« y x;K05v y x 

K?hVZ3V-mtttX'fo& I (1 360) /I (1 

5 8 0 ) ti 0 . 2 BLLT* I. It* Jf 1 fcimco V+VJ* 

0 . 1 - 3 0 .u m T* & If *lf 1 teiEKW >J f"7 A 

»affl£«sft«, 

nrffnxf + y^Hmicroporos channel) i&^Jffc&flT 
MfflJtSSft*. 

[ If *il 9 ] frlEilffivSft«r&S7 OKSii 5 - 1 
OOvmX'fo*). jtmrnmiiO. 5-6m'/gtfcS 

if *ii 7 tcistfecT) y f-^Az<jcW6fflftaBSft». 
[ mm i o 3 B tfis^H 3 H «^«-»:ST mmtm. 

src* o . ffiieisjiss«-?«i^iixii@jf^)fB#t 
*j»ts (002) TV-yBiasat ( d 002 ) #3. 3 

5-3.4 at* y . m^nMsm\txwm^^ 

fctJJt* (002) TV-VJilHBK ( dooz ) #3 . 
4 - 3 . 8 AT* & If *il 7 tE«<7) 'J A 
JBJIffiiSftK. 

[ if **i 1 1 3 Mi BJiffiiSftim xm®$rftffi m t*$ 

it I. ( 0 0 2 ) Hi: ( 1 1 0 ) fflfci* XtftEJfSfcKJt 
T*S I ( 1 1 0 ) / ( 0 0 2 ) #0 . 0 4&TT*& 

h*im 7 tieacT) y r> An^®ifflfiffivgft«o 



in&a 1 2 3 iMBiiAwaf 3T^5v^^ h 

vxat-mmtX'fol I ( 1 3 6 0 ) /I (158 

o ) tio . 3OTT* y , mtm^mmcoy^yx^. 

9 hvxa t°-5feKltT*S I (1 3 6 0 3/1 (15 
80) {i0. 2JiLhT*l.|f*^7tlBtl^y^ r >AZ 

[ if m 1 3 3 i5iE^a«^«**(i^ftaftff<o 
5-50 nmxx-b t mm i ti ea^ y f^AiiJS 

[ if *im 1 4 3 ^mmmmk t - wiooo °cjy 

[ n *im 1 5 3 mmmfflmit 2 om±c^sii»^ 

t^Sft t - 9 ifi~EL\ HclKt -o T y a /l^ 

$Mt°-? &ir**i*j&B 1 4 nfa»<o y *-*az& 
im$m 1 6 3 nEffiMrsr-irtfjEffit . 

lilBiESi:ftffikc7)P B ltfia-tS-fe^°l/-^t. 
ttlBiEffi. Jtffi. bA-ix-^fc^f$tLTfcy. 
«ty^Aiit^^tf«MSi;. 

[ mmn 1 7 3 msptmmmtxi* u > * -#*-f 
k ^/^-;^-^/ Nayyoti/y^-^^ b 

^»K§fL-l»lf*iIl 6tlfi»«yf->>AZ)^«ffl. 
[|f*iI18 3 fBBSflHKBis rot»*-« 
A h*l 0-5 0*a%tx^lxy^-7ii'^-f bM'y 
^^*-#*>f hSr^lf*3ll 7fcB»^Uf">A 

[if*iii9 3 m&mmmz. rofi/^-*^ 

[If *JI 2 0 3 friBWMf mt . 7°n y T-fer- 
b£5-5 0M%i:Xfl/y^-^ h&tXv'xf- 

;^-jif*>f hSr$<otc*tfi«*iii 7fcie»coy^ 

[if*H2 1 3 mtmmt. mR*-x*4 h 5 
i#«%tuitffi^-#*>f h^#t?»*iBi 7 ten 

[ If *il 2 2 3 mrta^^^ - #*>f h li. xf - v y * 

im&2 3 3 «K«w-#*-f us, ^fw- 
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*4 b&tf£ft&<9»d%^6fcSR6»6aBl§iifill 
*»£#frll*Jf 2 1 tlESs^y^AZ&m 

6r»sB^**triii*3S2 i Kieacou^^Ar^m 
im$m2 6 1 MieiEsa«ttL i mn 2 (m«c 

o.Ni, MnS^iiifL^cOfl-^ir&D. NJiO. 
S, F&tf£*l.&tf>»6W?*S) - LiMn 2 0 4s L 
iCo0 2 , LiNiOj, LiMn 2 0 4 , LiNi,C 
O!- x 0 y (0<x<l, 0<yS2) frt>%t>mfrt>M 

[00 0 13 

m%mmsmmfmmkmmm vtz y f)Az<xt 

[00023 

*> o s 4 s t ••/ z& 2 o o o °ca±.x-»mmt 

ftMii. MKHkKsWS^-ofc y X|tll]tftfcv^TIlI« 

k a km=5r v ^jiassHwrc* t , ejk* e >y * 

x y-;HSI^k-c7)«^ffilg^«kTf#^^- 
-#y=5rk"#'ftSo 

[00033 mitzmmmmn&wmtmz 
m^ifcm®mzffii&%k'nmzi}-t$>. zmzm 

IX. *v\WK»fcirt-*#, #»T5£ 

k^d®3r#ft£. 

[ o o o 4 3 lot, ^nvmm9^zmmtix 

JlSPXIiSEtt^SIMtjWfi^-f 4 - k {i^TjgT'ft 

*> 4 * mm & i o t ffiv ^ -y rafjs 

fCTV 7 ^/(pressing)-*"*!*. i§5tff^SMtf4^ 



SrfflSffi (basal plane)O***lt)|RK<0*K»aj t-Tft 

iRHc7)fi^A#<^y*^tt* i 'ffiT1-^» ttz, *§b b b 
fl&SHHMRiX v 5>as#fc? y 7iyy-h (graphen 
e sheet) IX V ^€«$k cO§iJgW$t I 

1EtfcMfflt"&^!2itLV^(Journal of Electrochemica 
l Society 137 (1990) 2009). 7ntl/>*-* 

*4 vm,mmm^mm^mmzmm-th^. z 

COWffi&tO^ - 4 >■$>— 1/ a y(co-intercalatio 

n) \zi. ^x^mmmmimmm^i, zti 

&v wx-mmmmrnvm- ix nm^mmj 
•tt. 

[000 5 3 Zcotzlib. ti^tikKS9&kftiyRB9&) 
*0T Sr^Tf !»f fc s 2~?<DWWXZm-& LTffi 
JlLJ;dk-ri>^^ : 5r§ix^ <> *ffl#fF5, 344, 
7 2 6#!4. «ISa a BttK«ll«^*ffifc#Bl I «K«S& 
«-tT«ia^»M«SrfP0I-tl. Z k t J: 

»XJ4««ISJHIft»S<0»«*iS»t«. Z k *WC 

ft y , k lt «R^^«af« & i*j± § * s ^ k ^t- 

[00 0 63 *HWS 5 , 401, 59 8#tt, h°-yf- 

%fcixmmmnmm%zwm&*mzm 
mm. zcvmm\m¥a'mMft^mf3 5m%& 
±xfc&cox\ mzwmmcoBwizx^xmEw- 

tzmzmi- htz#>. itm$& t mm? t cnmm 
mtmmizmbtixmwmizimmsmz a-^ < > 
z k ipcz-r* nmkamu&zx 

[00073 

imwmtLXok-i-hnmi zcomizhmrmzm 

2WSJa±^Sll«^^(mixing)-tS^*k\ 
K*?t^«#tt. *^#tt^!«I±$it 

ttz^^m^mm^fz^K ^cmm^x-m 

fritz* 

[00083 xmnzzcvx ?%ffiM&mm-?>iz&> 
p)hcDXh->x, zcomimmmtmmiKk'cDW* 
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[0009] 

<o*»BBw«jjit{i, mm. i KBtts^ifc <£ a t, 
mi mm saaw- s fcft<^fs»o«&fttt , it 2 1 

f a»£ *ute i 0 fc . if$g 1 SBttwJfflBtfc v . Mia 
r{ix*i^f^«fi^ttj»ts (002) r^-yflPaiEB 

tt(dooi) #3. 3 5-3. 4AT*D, fjfB^JUf 

^3llxx;Hix«iii*f*«fi§fcfc»ts (002) rv- 

ymmm (d 002 ) #3. 4-3. sA-c&sdfct 
(i. if*ii3tiB«j§n^j:3t. Known 

( 0 0 2 ) Mb (110) Bt J:4XIWi»f5MEH:T* 
SI ( 1 1 0 ) / ( 0 0 2 ) 4*0 . 0 4&TX'hhZ b 

t-^gJt?*-?. I ( 1 3 6 0 ) / 1 (1 5 8 0) (i 

0 . 3 wtt'J) 9 . KriE^Att^* v x /ko 7-7^ 

? hnX3 t-98«JtC»& I ( 1 3 6 0 ) / 1 (15 
80) {40. 2ja±-?ASifcC*4. *fc, WI5BW 

jets wr , mm^nmi/ ^^mn^wmmco 

5~5 0fiM%-C*6^tt»5. tfc. fl3feBW£3S 
dtc. l'5jJUic7)fe a 1 1 «K*-&e^jtfi§ix. Hffi 

Sr#tfyf-^Az^i:«fflftffiffift^S)i). lu 
mztifzXoiz, m&73£Mv>ffiiiizt3^x. friais 

i cr oporos channe 1 ) tF&$L § flX \^hZ.b\Zfoh> t 



miafl«s«~&a^<os@i: 5- 1 oo^mt* 

y,itfMfl40. 5~6m*/gT**£i:te*4. 
ill 0fcE*3*ufcJ:3£» Ift^7EK<ofKIJfct5^ 

m£ih9m-m^iixwLmmmizmiz> ( 0 0 

2) Tl/-y«IfB« (d 002 ) #3. 3 5-3. 4 A 
Xfo y , lulB^H«««ii:XiS|n]lff^ffBtKt3ftl. ( 0 
0 2) 7U->mffimt$ (d 002 ) *t3. 4-3. 8 A 

tf*iii ltfaasn^iat. «*il 
7 mmcomBzn \ *x , mmmmmt x«®jr#flf 
wtfefts ( o o 2 ) at dio) nci h xmmft 
mmtxfoh i ( 1 1 o ) / ( o o 2 ) #0 . 0 4 git 

«BJ30«{4. ff^JMl 2(dSRS*ifcJ:3lc, ffcfcB 
7faa^0Jti3^T, mlBSJI«K«3r(?)7-7yx 

hPX3 t-3fiffiJtTj>& I ( 1 3 6 0 ) / I (1 
5 8 0 ) 14 0 . 3JBITT* 0 . WSSMMM8R^9 
x-^s^ Hnx3t-9iaifcT»4 I ( 1 3 6 0 ) / I 
(1 580) (40. 2J2U:"C**£4:fc*6. 4fc, 19 

law ^titzX 0 ii* 7 iett<^fcBjfc*j v vc , fijta 

#^«M*^«i4^*igW0 5~5 0S*%-C*4 

«(4, it*ii 1 4 fc=E«§fifc i a ^ma-m% 

m?—?ifi 1 0 0 0°CVX¥X2^l£th y **7&z:& 

wmn^mt^hi. ttz. ffjiaBW^ajt-rsfc 

IISRII 1 4 IHilsOfffiBttS V , ffjlB*»Sft«i4 2 o 

al®^*i:c7)a^mffiS«^#tfAtti:> filieiESh 
fIIB@S^^31^'tl>t^<7)*%0J!^«i4. M$qf 1 7 

Kte»s*tfcj:3f^ n*3Si 6taa^0fltfcv^T. 
ffjiaBW^a^-ts^(7)*^B^« 
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14. 8fcffi»3iifcJ:'3fc, If* 1 !! 7fEft<0 

HHHttJV^T. iJtBWitMi, rntW^-^ 
h£l 0-5 0Wtxf^^-#^ 

ffiJi, rnfl/y*-^ h£5~3 0*«%kxf- 
l^y#--;frM K ^;l^-tf'?M hSl^v'xf-^ 

j&i, it*ii2 1 ciEastLfc J: a itsii 1 7iaa 
mmtz&^x. tmswmmt* s?«#-*;m hs 

2 2tEa$tut«j: -5 1, »»]i2 1 mmcomttzts^ 

tztbcrylfWmmmi. If*ifl 2 3£f E«£fi£ J: 3 

WI2 1IB«^HJtB^T, UiBfW-tf'^ 
Mi, K xf-zMf-Atf-jK*-* 

iimzmtt&izwttfflinmmt. 1**112 stc 

IB«S tibiae, «*II2 l£*0»8fci3Vvc, tt 

mm±. 11*112 etEttSfifcidfcs shot 2 iib 

i^f^fCfc^T, MfBIEffivSWiJJiL i MN 2 (MB 
Co, Ni, Mn^diitl^iSl^e^O. Nfi 
O, S, F&X/Zti^><7)M^Xhl) , LiMn 
2 0 4 . LiCo0 2 . LiNi0 2 , LiMn 2 0 4 , Li 
Ni.Co,.^, (0<x<K 0<yg2) frfcfc* 

[0010] Wffl)ifiB«*»!H<0B«S3t>fit*)tfe 

fef H «**-<j:©^ aquas *u *fflt#^««** s M 



[ 0 0 1 1 ] S fefc, *^{4IEffivS%«^^tfiEffi 

«k# B a B «^»k«a-&flffi?Stl«^#tfflffik ; Bute 
IffikM&kOiaKftS^S-fe^-^i; ; lulBIEffi. 

t&. fffBlT»«k LTI«WC*-#*-f b 5 1#« 
%V±km*-X*J h k £rfc& fC«»t4 i k#T' 
S*. ffiiEffiS^fcLTttxf-uytf-tfjM 

ttstsfflt* xf-vy#-;iOM K 5^*>k;&-#* 
-f K yifiW-*^^ h&txrntrwy#-*';M 

[0012] **BJ!CJ;|,vgft«{4»t'*I.^T«« 
1*1x^*1. i i: *^C# . KMJIWftgBlftlttM 

co-^m^commmRi/um^NtLxmmm 
<5#MWE3rc*sflati)wt 3-r -f y^-rs - 1 c i 

■v y 6 C k £ J: ->T«jSMO#iS*^t 

t — hiif **trttfiK*ffi»t* i k C«k -oTffiSW 
[00 13] 

[00 14] 

[0015] *«^Uf-^AZJWKfifflfl«®IMttt 

ejMfK* t # H B B *^*k t:±x^mmxh^x . 

*M^^B#«^»t°-^^l 0 o o°cmTT-2oa_h 

t t s tifc t co k -;xa-?«i $ ti 
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[0016] i . ^.-n^^m^tifz-kmmmv. 
m^rt z CD? T±izm& ztitt tghum^ x >v* 

1 ) a-f^/a 

it&mmmmwit -gmmizmm udk, z z «sn 

mm 3-t < . ; co^«£s»5$it 
r. raLTfcJtufefcfctti o o o^-cir®**-*** 

jWSJB3*i*»6. inSNhfl#**fc L-HilSIHUMB* 

*tf>* s ; t , wm^b<mm!&Mmx 
aK5(refluxing) ixmmt^tzh^m-thzb 
i> T# 4 . 1&ie#8rOBi § tufefl«8S*lt«Katt 5 
-10 0^mT*Wffit<, S£Wff*L<«:l 
0-6 5umX'$>h. f&mtl 0 0 umZMl&t, M 

£ u mwmm^nh <mm i < « 5 ^ m* 

3Bfi#*>S. £?z, i^»SW«lb^ffl«!i5~6 

lit. w8mbmi<%^mKi&zmLZ-£&%ti 

0. 5mVg*TOSL WfiSkSMrt 

[0017] 2 ) $mm 

wmmwmm^mmmmm uz®. z z iz&gk 

[0018] 2 . -m&^tfmiztifz-mttfrtiB 
z-m^mm^titz^mcoPM^mii, m 1 1 

z Fi(i# B B B ©M«2^A^ y^t ixm^mmnx 

^n^nXf-v >"^-;Kmicroporos channel) 3>WIM<? 

[0019] mmmmcoPM^mm^mm-titmm^ 
irmummxh ot. ± 0 p t < i^tm> t 0 
t*s . ^mmwmm m&m ix^mm 
wffltimzw&ti . ^titzmmmz^Mmm 

tv>&. mmmb txmmm. mmm%b'$m 

mt&ZbtfXZ. ^<0f?ijk LT W!/X>\ fb7tF 
n75y, ^y-t'y, ,x?./-;k x?y-/k /\df-+r 

£WS tT Jiift hffM-^st: ffiffl kC t J: v \ 
[0020] |ijlE# B B B SK*miE#:fc kmWtt^b-y 



4, <r<704>^*k J;DK«STvjN§v^M«*2r*-t 

5 J 3 is5#«t:v*\ ait -y **t«iW4<oa*# 

* L V \ iff fc , tf >y f-XWSKlW f v f - * h 1VX. 
V , f r- 7 b K n 7 7 Vts: kWW«««§»? t T »BB 

t°.yf-^ttffl^§^'J: <ont 

[0021] mi&mKmmmmmx 1 o«±cois 
mitz®. mmittixmmmixnm^wmi- 

5. f)l2IS B B B «ft*i: tT{i^flltfO*£»XI4«^ 

B B B «««s^ ^ffifflt sit , -e^flfit 

flM^K (flake) . »Xliil«««««*W2:«4Xi4 

2 ojy±m-& ttffiffl-f 4 £ b ^tt. i ?>st 

mifzmmmzmm& z t arc* , 
ig^^* t^fen«M«^-a5^^ B B B «M«^ffiffl 
i 1 1 4 . ®&mm<n^%scD±% § a 0 . 1 

- 3 0 u m T* 6 CO^S £ I V \ 

[0022] mfcz-Tiyf&vqm-t&xfflt. is 

9lK«*^^S«ft*H>FlB*?MTiF t ^3iS (nixi ng an 
d agglomeration) ^ hti^BV.mMz^n'KMMwM 
imffl.&«kWZlgi (spray drying) Sit&^H^&frjBKs 
pray pyrolysisJfS <! J: ->T»t§tL4 . 

itZ&S^ 7 0 0-140 0*Ct^t§-frT AffivSt) 
[0023] fHE«flaSwirX(4at:Bf£<^*:# § 

[0024] WfEa^JittlSfe i 9i¥L< RWt* k 
"5 4 . ISJMtKSHSaiS^ ^^ B B B S^»MiE 

*?§?gkS-^ti> . r coTrnxmrnmrni^-u-tts 
gm B B »His § t lizmtst hzbhx-zh. frie^^ B B B « 
mmmw tfmm&mi ■■ 1-1 : s^sftjtT- 

?I^-t4>Ik^T"^. L<{41 : 4-1 : 6^S* 

*J; 9#n#£. ftHWW#4>ix4«!fWi=fc(tl»# B B B 

1 /8*STS> 1 b , # B B B 

«K*Mffi*«fflirtiii^ mm c*t£ (bindi ng ) 
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mmmtoixmwLtzm, zti^m^ixmmco 

4. 

[0026] %^ixitmM*m%$m%i : ms4 o o 
~ 5 o or, ff & l < U4 3 o~4 5 o °c-t i o mm 

imkLXWmffl&H&i'W ^'(binder) b LTff 

mi-m&nmmmm 1 o v7x-x<imop 

hase)l=iaa§-£S. miSS*»HMT^WiIS-C" 
*R««ll<^fft«««S*«ffl*fWfc:J? < JFMSit > Z 
tf>Xg Wr v > i: g*^Sft«^f% B B 4m*Jl*W 

[0027] &vv^ >m^«JITt'in^tT<ic7)^« 

rtfc#£^l>ffi^ft£^*L*:SL 9 0 0-12 00 

vxaymti. <x^x\ wmswxk txcomim 

«&&th X 0 IZ , I^flfig^ 1 5 ~4 0 mlCSr 

[0028] *«^<0tffiflS!|Mt^X«EI*f*5f *H» 
Lfc»S*. vStt«4>^ B B a WM*S^« (002) TV 

->mmm& n iii3 . 35-3. 4At* i 9.^w 
yraw**^a«i»8R^ (002) ?V-vMWe. 

«d 002 {i3. 4-3. 8At»oit. 
[0029] immz X 4S*Kfciitt&INMWR*<o 
*Si2£*S««5~5 OS*%T& L 
^. #B 0 a «K*«#S^5SS%*«T'*l>t. MAft 
#8IS<03B««r#4U<iSaN-*^!WIL<, 5 0*M% 

*i8i § t - mmttimmtz x ~>xw±mmm 
mz-^mmwfihh. 

[0030] mmztifzffimimBnmwxfo^ 

AgE(6je^LT»J^^A^^ycofflA. «?)B#fC« 

mcD-m^cowmwMmsmz&'Hk-tz z t vx 
*t. £ ty t . s H B «* fc ^jyos** t*ti-«tt? 

[003 1] #?feE<9ft«iS^M»SI *tfrt««f§» 

e-? a* 2 ojiht* 0 . z co 2 ojy±.<7)^»e- ? a s 

SVH:S*50T, ^ 3 ^ (shoulder) #SW}g 

fc*«Trs*. HRttt, IS B B H «afoHc^LT*^^W 
IrUffi-f £ b 1 oofBRtr-? #8 0 0 mtTffffi 
U #JHHft*0*&&£ii 1 o<03B»t-^*«7 0 0°C 



[0032] Hfria^t«iS§ix^vg*«tMLr^ 
carb0 „) wft»c{2*£^fci2&v^\ msmmn 
-fQBX'fol 8 0 0°CJ: •Jffiv^fcSWW-fcflT, ; 

(shoulder) £&-f, *«0fc#>. #f&HHfc J &«SlW2# 

n«iK««^t-^ bm¥u%m&oomx-7 bco^ 

SH* s «^LT»2 0 0°C. #4 L<i2«l 0 or^ffl 
ttfc, mm»X-?V5 5 0-9 0 0 
"CX&tE L , ^ A«**<^6SR t 9 b miMWXfiM 
MV~7 'i:<7>5fe£tt(peak intensity ratio) X'foh P 

c.rbo»/P,r«»hit.a , lJ*lTT**fc&Ctt, 

LT «t Off* UV»tt** L/S. Pcarbon/P graP hit e 

coxmmmm^ b^mmm^wfthn ztim 
* . fc« u wmz x i %mi<miiam&m£$ 

d >TWR»SixSi^t:tt. %H3Mm^mk t a* 9 

o omt, » 9 6 o •cgjK-cflqtrs i 1 1** . a 

< "t l>fi*t> 4 >! t j6*T § S t v Sfi>fA% & cox. *S 
zbhhl. 

[0033] wiMcoX o t, M B a B «HiS^Bfc^ B B B « 

«*<^w^?t^ o . sswt^aLTfe B B B «nis 

SW^feHWMfn^H^J: 3 t*S<OT. » B B B «lliS 
[ 0 0 3 4 ] ±tz, ^WMcOPM^mVM. (110) 

ffit (002) wcoxmmmm&xhz i (no 

/I (002)^0. 0 4jilTT£>-5>i:V^<|4£*- 
L, MASHiSfc h 5^ -v ^ (turbostratic)ffi 

$0)<5~?yX'<7 hDXnf— (Raman Spectroscopy)^ 
ftJfrC'£>S I ( 1 3 6 0 ) / 1 (1580) {i0. 3 fit 
TC* 0 - fffB# B B B «^»«5-7yX^? h DX3f- 

120. 2JBLLT&*. *WWFCs ^-*'Xh5f--y^ 
MUlil b S« L . $&mft%1ffi& (ori entatio 
[ 0 0 3 5 ] i<D=fc o t, *^Bg^tffivSWi2«J»ffi 

i$ffl-ri> u f-^A-^ ^-yr^i:MT"i2«««co*w^ 

fc LTffifflT#^o7tTnf Vyij-if^A h^ffiffl 
[0036] -ffifctSSftSt LTffiffl$^l»lir B l 
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14. $»ii8*3 •£•?>£ fc *J8«i: *>RJ6 
tt#'*S^fcv^p D WJ>^ ffiot, SiMSPSfc 

wm 3 6 "ct'fc £ fz^zwmmkmmh z t &c 

X o T #-5T3mt»£#*§ < Attn** t v ^ ISM3& 1 * 
S . £ <o J: 3 fclSJHfc: J;-5Ts ^i«*Hf tf>irW» « 
fc lXTvh'U>#-$*-<! hZWQ-t&ZbtfX'ZK 
*»->fc#, *^«*«vSft«{i«*^^iSft«-C- 
I«rV ^ h 9* >y 7 &«3i£1rt £ *>t\ JRMft 

i> fc v ^ R»&5£ Hufct & £ fc , xf-i^ytf-tf 
*-f h ^*SriilniS-e-5 £ fc S £^»t*frr 
titan*** 

[0037] HTfe, *IH!(ctSV^'Cttffl^ri64«IIW« 

>f 1, j;xf-;Wr-iK*-f hXli£tl^IilriJO§8® 
#->K*-f hfcttJfT*-* .It 7°nh° 
ykT-fex- b tffiffl-tl> £ fc i> I. . 
[00 38] 4fc. *%BBtfcV^T«ffl^M^«««« 
WKS^fcl/ai. ifpy^-^W K s;**^ 

Jft*£fc ££T\ £<5Dff«(i7 , nh , 'Wy^ 

-jJfcM hSr 1 0-5 0 xf-i^a-jK* 
<f hfciW;i^-#;M Hil^*JtT'-^i*il>?)# s ff 

^xf-zMr-tf+'f h 1 3M%iy±£ 

[0039] ifwn^crM^mmv^mmmb lx 

xf-zl^-*'*^ h^VTutlxy^-^^ h£#ip 
?§«^ttffl-r-S.£ fc#T# & . £(7)««(47-cre^y^ 
5-3 0#5R%*tK0**if 4 t < , Xf-V 

-#*>f hOfle»ttli3 : 3 : lt^(WMU\ 

[ o o 4 o ] s $> t, iimwL&^xmmmmsm 
co^mmbixit. k s^xf-^ 

-f § £ b ifX% h . £^$li7°n tVl^T-fer- h <0 i 



[0041] ^mxuzcox ? zummttfimzti 

^'J^AilfctT, LiPF 6s Li B F 4 , LiAs 
F 6 , L i C F 3 S0 3 , L i N (CF 3 S0 2 ) 3 . L i B 
F 6 s LiCIO, *mf& £ b #"CS h . 
[0042] *%0J3« U f-^AZiScSffi-CffifflS^lSjE 

jEffivSftWt LTL i MN 2 (MiiCo, Ni, 
MnXliZti^Wt^mXh'O . NfiO, S N F&t>'£ 
tL^c0^ilT*l») , LiMn 2 0 4 , LiCo0 2 , 
LiNi0 2 , LiMn 2 0 4 , LiNi^Oj-.O, (0 
<x< 1 , 0<y^2 ) tSpfOUf-^A^g^WKfl:^ 

[0043] ^^BJ^ttlSV'iEffiO^ji^iStiji^ 

TSH*fS^ 5 'J - £gi§ Latft, £tL^««#cT'* &Ht 
A Mzm> . «aS|-t 4 £ fc £ fc * J "C^ & . 

[0044] *^BJtcj3ft|,^N'y— IX&-MCD 

y 7°o t°]^ yff««^fLtti«^7 ;l/AS:ffiffl-tS £ 

< , EWfcsK y bmrnm^mi 

7°n tf V y CO 3 y v--? h y v ^ 7. (C >?7*f-^ 7 ^ P 
- h (di butyl P hthalate)^<0nraKH&*!lffl LTbuIS* 
*BJfc ± § S»fiS**a$ *S £ fc -Cfflfl** HfcfBi 
•f S £ fc * J T*# h . WIEaiKU v-v h y -y txaMlz 

h ?K y u nx h y fc'cojK y •? h y >y ^ x •& 
[0045] ^mmmm^mu^mmms 

■thZbifiXth. *Sffi*»w i«#{iWIE*«BBfc: 

t>x y v-®fi*ir<o y f">Ar<wKft^i!3&r s £ 
bifix*%h. turn. Hmmnm. mmm. ^4>mm 
* bwmmmn g * afttjasrs £ fc * . 

[0046] 

nwi&rm. ifri* TM<7)mmmn*9tmiztfi- 
mn> i TM(mmimzm&ztiz> nxiz^ * . 

[0047] USt^J 1 
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3oog^At^ m&mmixmitz, mm 
ztiKftmmmmmm5 o o ^zmw/xmz 
x^x : mtx^mytAmmmmz^i 3 g /m i 
vKTMrnx-mmimttz. zm, MASiysfc^ji 

«M«HUffi*«SSJt«5 : 2fcl.it. ifcWC, FTO 
5 0 0 r p mfc LT#b b b S^«IuIW^3- 

±T«**r ; fc t j £*i ^mns ^ t*s 
j; 0 izmmztitzmm&mLtdk. 1 0 0 o'ct-2 

[0048] Htfe0|2 

«E«AJSH«Oft*> 0 tasa*«tt 1 8 ^ mt*S^I 
§S©T£fiM Lfc - fc UWilQtW 1 fc R»fc9l* t 

fc, 

[0 04 93 £Jfcfl3 

**AjtMiS^fc 0 tSBSfeWfi 1 8 /i mX'hh^m 

m^mmmeumThmviAmmmttiu ■. 1 
s*ifc"Cfi^sfifca&»*ttffl 1 fc ; fc wawt« 

1 fcH«KWttfc. 
[0050] Hi6fl»j4 

^Aitnis^t^ 0 KegiW 1 8 ai tnX'$>i?i%m 

fc ttffiWB 5 At mf* l.«S»AjtSiSfc * { 4 : 

1 fi*Jttig-&£ t fc i fc ammm 

[005 11IOIW5 

«RA3SiyB<Oft*> 0 teg#» 1 8 a< mf* S AI*H 
iSS^fcSg^e^mT-Jj^RttAitlliifc^S : 2 

Mtt"Cate3*ifc8te**ttffl tfci fcfiWigifcW 
1 fcH«fcHitLfc. 
[00 5 2] £SfcH6 

fttttAitJIiti^tfc 0 fcfig#» 1 8 a< m?*439KJH 
f»fc©@^6^mt*I.S*A3iPiSfc*M : 1 

mAitx-m^titzm^m^mmi. ikxztitz&m 
m^ii^v.mmmwbcomM.\ti 5 : 1 1 tfc 

ifcKWiUJiWi fcMtHjiLfc. 



[00 53] 

«*USfilW&Wftb 0 CfigjWB 1 8 At mtfeimi 
MJtTiI££ixfc^ft£ffiffl U EU^t-y* oft 

19 fc 7 x - sjvmmtitm itzzt wntmm e t 

R]«fc»fcfc. 

[0054] mmms 

^%t°-vi~CD{tb r )l<Zl-7?'?7*>7m9m ( PF 
O s fcffifflU ««fctTrh5th"n 

7 5 y^ftfc "5 fc h^xy^ftffl tfci t CWiSUtM 
6fcP«fcHSfiLfc. 

[0055] itmn 

m^mzmixmrnRi/mmmmifz* 

[00 56] XX8H2 

L-cffifflt. msmi mmmmzmLxmmf 

««*»jiLfc„ 
[00 57] Jt«3 

Wm 1 8 iim^S«St«^6 At mt 

5 1 H o 7 9 V fc«S? Lfc»6*« ( «ft : 2 0 % ) fc 
1 0 0 0V?2m$&it%-£X&&MB&3Tb#$M 

«M/x /mm va&SNRkWt . z comim 
m Lxmmi 1 fc iaiaw>*i£*«ffl L-cs«&?/m« 

4}mmk^^x^4>yLxmmmmmhtz„ 

1ML i PFsfc&jgLfcxf-uytf-jjOM hfc 

AZ-Kmrnzmmitz®. zmm^xhixzm 

H£Hlfc*Lfco 
[0058] 
[HI] 
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doos<A) 


U(A) 


(3x.7J: l r sicm ) 




20.1 


1.9 


3.368. 


905 


1.7 




63.1 


2.1 


3.361 


1598 


1.6 




38.4 


2.5 


3 360 


610 


1.7 




47.8 


2.7 


3.364 


690 


1.6 




36.4 


1.2 


3.364 


810 


1.6 




27.8 


3.7 


3.361 


1036 


1.7 


mm i 


64.2 


6.7 


3.361 


715 


1.6 


mum z 


43.1 


L6 


3.360 


1010 


1.6 




6.2 


15.2 


3.365 


408 


1.9 




18.2 


12.1 


3.366 


2020 


2.0 


&&t*3 


19.2 


5.3 


3.357 


2040 


1.9 












®* 

(%) 


(1C®3) 


(so %) 




346 


8S.1 


340 


92 


^&0*2 


353 


90.1 


345 


93 


^££013 


352 


90.6 


340 


92 




345 


88.0 


338 


91 


«$5 


351 


91.4 


345 


93 




352 


90.1 


342 


90 




355 


86 


348 


91 




351 


92 


346 


93 




340 


80 


270 


85 


mm 2 


335 


83 


250 


84 


Jt««3 


320 


87 


295 


86 



[00 5 9]*lf3j*S*VO**J:$fc, HftMl&v^ 

1 8 coffimmmmmv i . 5 ~~ 6 m 2 / g sst** 

®«^'*»T'S>I» i fc . ri/ -y yy^JMrm 
fc . JtKfl 1 3 *>*&£KJii«rtSil 



[ 0 0 6 0 ] H 2 ( A ) Kip L fcHJSfll 3 WvSwm 

H3 (A) C7pt^i[:»J2^g»l» 
tfz. M2 (B) <7)HltfiJ3 
CJ:£«fcll3 (B) <Olfc«M2KJ:*»RttSft"C 

WKJ: l>igft«{i:»t-S)I.O-Cii«5E*l?S* J K< , 

£fc zMbLxmnmmfLhb, m 

S6PJ1 ^V^L8<7)«?WJtK« 1 S.V2 fcJt^TfthJt 



[ 0 0 6 1 3 111 iz^fiX^l x o c. M B B H «s*e 
1 2 fcJt*T3Ett«Wi«Vt ^iit 

[ 0 0 6 2 3 it«W3tf>*£HU # B B B ««KiA 
K J: o"C»«d±lil3l* i fc fcjWM«t»iilW 
•rS^i; f % StEJIM 1 L 8 jWtKW 3 teit* 

[006 3 3 mm 5 , it M 2 RtfUM/H 3 "C'Sia L 
fc«PlltO*«i^II^6fcftte*lB!fe»*f ( DTA ) £ 

WfiUc. #?a«effl«±2 o o~~i o o o'c. 

JLhk, «M5»«£fci27 0 0r£«#fcLT7 0 
0 'CJaTfc^JWt fc # X. t - ? # 1 -o fc 7 0 0 °C 

fc t-^*< i o#s-ri> 



B B a - 



i fc , m.-*&mmmi 
%®£Htz z fc immti z t ^x- 

SSr*2C*L^. 
[0064 3 
[f§23 













674 


790 


2 


ttW(2 




860 


1 


it«W3 




848 


I 



[00 6 53 H2t7K£trO^J:dC, 38*, 

sn^^ i o o omrcfcft* DTAaafee- 
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©•efts, fti-c, ^mmmw-tmihit. *s 
&Rb tx 2^^-t^mm^mm^mMt 

T&Zb 6 iSlft* 6 i t tffca** . 
[0 0 66] H««9 

h n 7 y yiffi ttjR#*KiS t , TfltttrtaflKVCIIW 
h 5 1 h'n 7 5>raMf -^tr«¥? ITS® t 

is (H^3o%) s fip*>#f B @««|trig#c^ig^*ffi 

Lfc. ttsKfifiMHseaaWHH 8^m?*£^yil8& 

Sd«3 0 0gfcSULfctt, IRH-CflaiLfc. 8£3 
ftfc#JfcKJ^ffiiBtt8f«E5 0 0 gfczafflcyX/HcJ: 
oTSWtTV^tuteiliS^ft^l 3 g/m i nc?) 

m.£®t4mmmmmmftnmmmt5 ■. 2bitz. & 

\ VC, HSIIIIM 500rpmC LT# B a a »#?«mffi 

o o o°cT2B#ra»it. ftmLxmmmm*m 

*»tLT, lMLiPF 6 »?L£4 : 4 : lflcgt 

jt^xf-nofr-jjcM k hay 

[0067] UtiM 1 0 

WWMfcLTlMLi PF 6 M?U:4 2. 5:4 
2.5:1 5imitco^uy^~m-i K i/X^/h 

#-*'*4" hazxrntwy*-jjf*-f hwm-smzm 
mitzzt amnmrn 9 1 nm^mm itz . 

[00 68]ggttffll 1 

nmmb ix 1 ml iPF e mmifz2 ■. 2 -. um 
[00693 mmi 2 

nmmttxiMhiPF 6 mmuz4 ■. a imt 
[0 0 7 0] mmmi 3 



mnmblXIMLi PF e %mMltz36 : 3 6 : 1 
2 : 1 6famtkC0Xj-]/y$-#Z-1 K Vt^Vil- 

*4 hwa^ft^ffiffl itzz mmmmm9 1 mmt 
[0071] mmm 1 4 

•WWktTlMLi PF s ^mmitz3 : 3 : 4*« 
Jt<7)xf-py#-*'jM h. l/^iVti—if^A YMf 
Tnt^7-fef- htf>*a**flWH t J2Pf-M3ttti 

w 9 1 n«ciut tfc . mmmmm 9 ^ 1 1 a <n®& 

«g£rX h LT**)IS**ii3fcjSU:. 
[0072] htmu 

mtmLxwmxfwmtw&Ltz. 

[0 073] #MM5 

mmm i8umx%t ^mg&mmmfi%} 6umx 
5 1 H07 y ymm Ltzmmm ( mis. : 2 0 % > k 

Ailfctt S»5t(reflux)SJ£§-ttTrS(filtration)§ 

#^>ftfe«** 1 0 0 o°c-c-2B*r B l ]R€§-tT^ 

[0 074] itK^J6 

WRSi: LT 1 ML i P F 6 Sr»J»t3t 1 : 1 fmtt<9 
xf-^y^-^W hatAV7^-;^-*'^-f hO?!-^- 

[0075] 

MMMb LX 1 ML i PF e *»WLfcxf-I/y^-jJf 
h, i^f-Aofr-Ttf^M hWTofl^y^-^ 
h«2 : 2 : 1 *Wlt«^ft^ftfflL^i b CWi 

ft«^j4t[5iafc*»L^„ 

[0076] ib«^lJ8 

HSRKf: L"C 1 ML i PF,ifflHl,fcxfl/y*-# 
h. *JX1-)V*i-i$*4 hai/rnfl^y^-^ 
-f h02 : 2 : lMJt^I^ftSrffifflL^^ tWK± 
Jt»J5t BBMtlUtLfc. Kf^Wfc LtdfJ f-ijf 
y7;^5-f h'SrN-^f-^fnlJ HyKjWWUfciSa 
fc . iff aJ:b«PJ 4 ^ L 8 tfOffl^Sr?!^- LT X y V - 

L. U^AAII^^tStBktr, 1 M L i P F 6 
^mmLtz^i-vy^-t^-A h t j/'7^;i/^-^--f 

h bcomsmmm&b-ti v+vj*-<ximiw&i 

[0077] 
[*3] 
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Lc(A) 




47.8 


1.7 


3.364 


690 




47.8 


1.7 


3,364 


690 




47.8 


1.7 


3.384 


C90 


im® 12 


47.8 


1.7 


3.364 


690 


im® 13 


47.8 


1.7 


3.364 


090 


14 


47.8 


1.7 


3.364 


690 




18.2 


12.1 


3.356' 


2020 


Mftffl 5 


19.2 


5.3 


3.357 


2040 




47.8 


1.7 


3.384 


690 


tt«MH7 


18.2 


12.1 


3.356 


2020 




18.3 


8.7 


3,357 


2040 








(mAhJg) 


5»* 
(%) 




(100 0,%) 


^IS$9 


346 


90 


340 


81 




348 


90 


340 


80 




347 


89 


339 


80 




346 


89 


339 


79 


13 


348 


89 


340 


79 


14 


343 


88 


337 






345 


80 


289 


75 


ltK0J5 


320 


87 


295 


78 




348 


90 


338 


80 


J±g&7 


343 


85 


335 


60 


tbRM8 


310 


83 


310 


63 



[0 0 78] S3t^§tLT^^J;-5C 

1 1 4 \z x v^m&ftMwmtf i . 7 mVgii-c 

h o X JtM4 ti\i L 8 fcJt*-C*3 V I , 
i±4 7 ju mT"J> o T JtlRW4 > L 8 tJt^T#SK± 

x «*««#ttstx*^#tt^i*i± t fc£ b tfhfr 
h. 

[0079] mn&mm-x'fo d , «»?s«im^^ 
rewawwMJ^iw^'c* s i t . ; 

-#*>f h£«^LfcWI»HMLfclStl0ll lot 

Mfc&nTffi"?* Sit & . i ; T\ *3r#ttfi l 
[0080] HRfc. AjtMiS* fco*SH« 

tihtK ^mcom^mmmmbmii-tmm^ 

««IMi:««-tl»^^#f 8 »««-C'*l.|IS6W9 



&u L 1 4 «iRfl&a<ttlSffl4 &tf 5 fcib^T 3t2&«3W 
iMtiX^hZbtfbfrl. 

[0081] mmm9^i 1 4 izximmtm&m 

•T & i b (c J: o Tffiffl^rttai^S^lb&WifeltffilSJI 
flW4 

[0082] ««1 5 

t° -y ?-XU5E?*3R t° -y f - £ r t- 5 1 F n 7 5 V t 

5 v mXfo (f lake)«WHfciS^i: 
1 : 6«SmTiIi^UcfJL 3UE*<?>f Ho? 

tzm%im.mwm%T<^A 3 o'c-ci 0Btras«3n* 

U, ^TMBETTlRSOatfc. «v^. looort- 
fc LTjK'J t'n »J h' t £ N - ^^hf n 

ntismt ix v^Amm^mvmmb lxl 
b b : J*i-)Vti-x*4 bbnm&mzmixuy 
mmm. -mmmmm^Lxm^itz. 
-r. 

[0083] mmm 1 6 



b mt&am 1 5 1 inatnit l« 
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[0084] mmmi i 

hmmmmm^m-ki ■. lcom&itx-m^Ltzz 
t mimmm 1 5 1 isia tzmm i £ . 

[0085] 

U S^KtLTLi PF 6s LiC10 4 *«»Jf-^A 
[0086] JHfifll 1 0 



(7)fb7hFn77 y "si?§tt b -y f-£S*#BMT?>4 
3 0°CT"1 0B#Pb1Mp»U fS«, «ffiTt'»IL 
it. ifcWC, 1 0 0 0 rT* 2 Bf Palest, 2 8 0 O'CT 

ffl U: £ fc J2tfWiiH601 1 5 1 |Bl««*ffiT«StA'« 

[0087] KffEHit^l 5&^L 1 7atftt««9ft 
W 1 0 XWM Lfc«fS<OWtt*TIB<0^4 (£5* Lfc. 
[0088] 
[«4] 













404 


3/2 


92.1 


i6 


410 


368 


89.8 


gffifl 17 


415 


3vQ 


89.2 


Jt««9 


431 


345 


80.0 




462 


320 


70.8 



[oo89] frfe*4 iz^nx x 3 iz. mmm 1 

5 L 1 7 «Jfc«W 9 SIX 1 0 fc It^T^lfcWWW 
m*bX mvx ^tzk tfhfrh . i itli»fifiJ l 5 &v * 

[0090] Hfifeffl 1 8 
IS B a a«M*T'* & 1 0 0 g £ 3 0 

T««(ref luxing) LTiSttftUfc. iSttfcSflfcSQ* 

0 g £r h 5 1 Fn7 5 yfc&JI LfcJSIS ( ?AK 



20%) tjgjnfca-^Lfc. miBiiii*£i?«MU 

1 1 0*C-e!9IfcS-^IB*&#fc. f*Mifc»** 1 
0 0 O'CcOgSjffl^TT^^PBWtT^^WIft*^ 

fBft®S»«9 0S*%fcA-r V?k LTsKU f-Ur 
y7;W5-f F 1 0M%&t^$fc lTN-^/!/b 

AltftfflLTa^yj^Wft (coin-type half cell) 
[009 1] WWII 9 

5K3Rtvf-* Wl^xyT'WILT h/pxy^ttj&fr 
tr-yf-^SgiLfc. d<?;Wkxynn§ttt-yf-£ Wl/X 

JSKSSCtiSjW^ 1 8^mf*^maiS2 0 0 g 
AUfcfk JRHTSaiLfc. &vvc, fulB#laiO£*M 
Sffl*»JK£Z8i# y X;H= i -5 Tst» L X v ^ ffff B^ H B B 

%mx*hz>7wm&zm 3 g/m i n«a«t-«m 



Jtli 5 : 2 t L?t. J^V^f, VfflM&Wte 5 0 0 r p m 

hm-mwm& ^xnxm-ifm Lfca, rat; 

fdk, #Stt«HM« 1 0 0 0rT2B$|SH&*ft3L'ta 
WIBUMW 1 8 fc H«{ca>f yB<7)¥mmZW&Lfz. 

[0 0 92] ^»J2 0 

-v^mmmm Lximnmmmtmm 

1 0 0 g |c39SfiUB2 0 0 g £#?f§-li:/tf*. 10 0 0 

ixm3®Kmixnmmmmmitz« mem 
xMmzhtzmmmm®ixmmmm is km 

[0093] Jrt«^J 1 1 

^mmmixmmmmi atmfczj >m 



[0094] 5fe-f s a 



tTTA-f y^W^y h (TA instrument) ftcO^K 

^Ts fli&T'l 0 0 0°CST-1 Ot/m i ncoaSTiS 
■tz, 

[0095] 3KS3»»*fO*S*tr»*fBRt-^*t7 0 

o°cmrx'ipfcfz>kwmmz&Mu 1 0 o°cw 



(14) 



11-354122 



#astf>*£ffiffl itzimm 1 1 ^gfe«o^»t- j? B 

8 0 0 — 9 0 0r-C'lO<7)||«it 0 -^^^S-fl> 0 R 
t - ? ti^*o# B B B «jfe*<o» t r- ? ffiB b co 

t-^firBi i o o°cmm^w&z®mitez t 

[0096] ZCOX 0 #S«K*c0^t-^^ffi 
frfcK V «K«5*K»»t* cOli# B B B «^^#W B 
WHIStSttv^^l 0 0 0°CgS<^MOTT"^# 

«fc "3ttl 0 0X5g«ffiV^tSlH-4O^fA«ft*i: 



? J: d ^7 0 0 

~9 0 0°CW|gIltt)/to-C^H (shoulder) 
[0097] flfi&Otfl 1 b 2 O&tf Jt«0i 1 1 

<n-aA >ffi¥-mm o . 2 cTaawtfcft, s*av 

MfS*«ffi* 1 C-caSMUfcft. g*£Sj£b"C*tf> 

[0098] 
[«5] 





KC/DMC/DEC (3/3/1) 


EC/DMC/DEC/PC (39/37/12/1) 








T m 










[mAh/g] 


f%] 


[mAh/gj 


[mAh/g] 


[%] 


[mAh/g] 




362 


91 


322 


354 


90.5 


320 


19 


354 


90 


350 


355 


90.5 


348 


^3S0H| 20 


345 


8S.5 


1 335 


347 


90 


336 


mm n I 


335 j 


83 


265 


320 


44 


124 



[0099] JJB^sc^Siuti'St:. itfll 8ft 

v * 1 2 o cowfta jtiRW 1 1 <7ymmzit'<x%MRxf%} 
mmti. t rave vv& ; fc £%£>i> . 

mtMi 8&^L2 ocommmwrnmb txr 

[o i oo] mt0V2 1 

jEKSPBrttk LT l i c o o 2 & 9 4S*%, am yy 

b LTjK'J t'xy ^7^5^ F£ 3!t»%, 

t LT ^-^yy 5 •/ ? £ 3 M%&V'?Mi: UN- 

U &Mb£grCI±MbTIEtt£Se§b^ 

KlMLiPF e t»WLTWHr*l8fttfc. MfBIE 
bTl 86 5 0 y^AZ&IKl!! (full cell)£lBlb 
[0101] %W\22 

1 celDSKjebfc. 
[0 1 0 2] HMM2 3 

Mianifew 2 i t lt y f-^ Az<^«fi (f ui 



1 cell)*»Jtbfc. 
[0 103] *»2 4 

h ^ffiiB Lfci t «?h{4tufBH»j2 1 1 maHcmi 

[0 104]»«2 5 

a y zmm uzz t ^h«frte»»j2 2 1 isj«t« 
bfc. 

[0 10 5] HSSM2 6 

^ h ^ttffl bfci fc J2WiffliBSatW2 3 fc 
[0106] It 1 2 

mieitw 1 1 xmi&ztitznmzmmLtzzbwm 
mmmm2 1 tmmmmix v^^z.dm&(fm 

1 cell)trKtb?t. 

[0107] mmmmm2 1^12 em/mm 1 2 
(Dm&zmmtximmy-A tfrmzmtti^mm-t: 

MM IX % cm%*m 5 l/ZTjk Lfc . H 5 bfc «t 3 
t , «t« 2 1 3rv^ b 2 6 <r>Wm±mX^A 9)V^A 
0 0®tff L«^fcS*6**JJH**fcifc^'r»8 0% 
£i»8tS<r i*itRtr, ifcKWl 2 co 

««{i^5 OSHt LfcaK%JJH*Mfcit^'C 5 0%T 



( 15) 



*ftHT 11-354122 



ft 1 ), &M&&}?t&zktfbi>>&. 4fcs H»J2 1 
w«»*it tTffifflur L^iiJirr^^-c. 

[HI ] *^H»fcJ:l.fl«gW«»fH[l 
[02] *»BJ!llffi« fc <t S ft«S*S« S E M £ tret 

mx\ z^o-tb (a) tt&wswtn sem srs-m 
( b ) immmmtMm lhwro sem s^ta 

[ 0 3 ] *f&BJ!Jt«0!K J: 6 t ffivSWff^ S E M £ 



( B ) iiflWSBrttCfSt Lfctt«W SEM 

[04 3 *^^}|^lJtJ:b«^JtffifflL^t«ga« 

[05] *%m<r>mMmtktmttz x & v az&i 

a»*##ttSr7K-f0 

1 *Sb h b «IR«-^?» 

2 ^ B mm 
4 imwm 



[01] 



[02] 





( 16) 



1-3 54 122 




(17) 



#RJY 1 1-354 1 22 



[05] 











— 






— 0— 
— v— 


mm 23 




— «— 


£&#J24 




— •— 


^?Jfej#j 25 










-0 — 


1 2 



0 50 100 150 200 250 300 350 400 



[ffitBB] ¥Jtl 1*5^ 24 B [«GE*rS3S3 

[Wl] HBErtS] 

[«I*t«*l£] 0ffi [02] 
[JfHE***JSB£] 02 



(18) 



1 1-3 54 1 22 




[#MjE2] 

imEmsmzi mm 
miEmmzi 123 



[03] 



( 19) 



mm^i 1-3541 



(A) 




(B) 





(31)*3fcft±38## 
(32>«5fcB 



1999-1 644 1 
1999^5^8 0 
fill (KR) 



(72) mm a ^ « 

(72) A ffl ^ 

^»K!l^»Si»^^»}|Siaj24 



